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TO ALL WHOM IT MAY CONCERN: 

Be it known that I, Date-Gun LEE, a citizen of the Republic of Korea, 
residing at 310-801, Seolak Maeul, Jung-dong, Wonmi-ku, Bucheon-city, Kyungki-do, 
Korea have invented new and useful METHODS TO FABRICATE 
SEMICONDUCTOR DEVICES, of which the following is a specification. 
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METHODS TO FABRICATE SEMICONDUCTOR DEVICES 

TECHNICAL FIELD 
[0001] The present invention relates to a semiconductor devices and, more 
particularly, to methods to fabricate semiconductor devices. 

BACKGROUND 

[0002] Shallow trench isolation ("STI") is often used for an isolation structure in 
semiconductor devices. STI is advantageous for refinement of semiconductor 
devices because STI confines the size of the field area to the size of the desired trench 
by forming a trench in a semiconductor substrate and filling the trench with an 
insulating material. 

[0003] A fabrication method of a semiconductor device using conventional STI is 
described with reference to the accompanying drawings. Figs, la and lb are 
sectional views showing a conventional fabrication method of a semiconductor 
device. 

[0004] First, as shown in Fig. 1 a, a pad oxide layer 2 is deposited on a 
semiconductor substrate 1 and a nitride layer 3 is deposited thereon. A photoresist 
layer is coated and exposed to form a photoresist pattern (not shown) by removing a 
portion of the photoresist layer on the area where a trench will be formed, the exposed 
nitride layer 3, the pad oxide 2, and the substrate 1 are dry-etched using the 
photoresist pattern as a mask to form a trench T having a desired depth. After the 
trench is formed, the photoresist pattern is removed, and cleaning is performed. 

[0005] When the nitride 3 is etched, end point detect ("EPD") is set at the pad 
oxide layer 2, and the silicon substrate 1 is time-etched using a time that is 
predetermined by repetitive experimental data, as a standard. 

[0006] However, the time etching is based on a premise that conditions and/or the 
state in a chamber are always equal. Therefore, if there is a change of condition 
and/or state in a chamber due to repetitive use of the chamber, it is impossible to etch 
the silicon substrate to a desired depth. 
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[0007] In result, as shown in Fig. lb, a void 5 can be generated during gap filling 
for STI after trench T is formed in case that the trench is etched deep with low critical 
value of STI. 

[0008] If the void 5 is generated in a trench oxide layer 4, it is difficult to planarize 
the trench oxide layer 4 during chemical mechanical polishing for planarizing the 
trench oxide layer 4 due to the exposure of the void 5. Moreover, if the void 5 is 
exposed, polysilicon, which will be deposited for forming electrode in a following 
step, may enter into the void 5, which causes leakage current. Leakage current 
might cause malfunction of the device, so leakage current is a fatal disadvantage. 

[0009] Prior approaches to dealing with a subject matter of etch stop layer include 
the following U.S. patents. 

[0010] U.S. Patent No. 6,524,931 discloses a technique of removing a void from a 
trench by polishing a prominent portion on a trench plug. U.S. Patent No. 6,180,490 
discloses a method of filling a TEOS oxide layer. U.S. Patent No. 5,721,173 
discloses a method of forming trench using an etch resistant film having different 
etching selectivity than that of an insulating layer. U.S. Patent No. 5,976,951 
discloses a method of preventing oxide on a trench from losing. U.S. Patent No. 
5,944,201 discloses a method of forming trench having a uniform depth. U.S. Patent 
No. 6,074,927 discloses a method of forming wall spacer in a trench, and so forth. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] Figs, la and lb are sectional views showing a conventional fabrication 
method of a semiconductor device. 

[0012] Figs. 2a-2f are sectional views showing one example of a disclosed method 
to fabricate a semiconductor device. 



DETAILED DESCRIPTION 
[0013] Example methods to fabricate semiconductor devices are fully described 
herein with reference to the accompanying drawings. The accompanying drawings 
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show merely one example method. However, in the drawings the thickness of layers 
and regions are exaggerated for clarity. 

[0014] Figs. 2a-2f are sectional views showing one example semiconductor device 
fabrication method. First, as shown in Fig. 2a, a pad oxide layer 1 2 and a nitride 
layer 13 are formed sequentially on a silicon substrate 11, which is a semiconductor 
substrate. A photoresist layer is coated in a prescribed thickness on the nitride layer 
13 during a pattern formation step. 

[0015] The thickness of the photoresist layer should be determined by considering 
the thickness to be etched together during subsequent etching process of the nitride 
layer 13 and the thickness to be etched together during following a process of etching 
the silicon substrate 1 1 . The thickness of the photoresist that remains after etching 

the nitride layer 13 should be between roughly 1000A-3000A. 

[0016] The photoresist layer is patterned by exposure process using a mask to form 
a photoresist pattern 14. 

[0017] In step of forming trench based on the photoresist pattern 14, as shown in 
Fig. 2b, the nitride layer 13 and the pad oxide layer 12 are etched using the photoresist 
pattern 14 as a mask. 

[0018] Subsequently, the silicon substrate 1 1 is etched. The remaining photoresist 
pattern 14 is etched together with the silicon substrate 1 1 naturally, and the point that 
the photoresist pattern 14 is completely removed and the nitride layer 13 is exposed is 
set as an etch stop point. 

[0019] The etch rate Tl of the silicon substrate 1 1 is relatively larger than that T2, 
which is the etch rate of the photoresist pattern 14 during the same time interval when 
the silicon substrate 1 1 is etched. Regarding the difference of etch rates, the 
photoresist pattern is not removed but remains when the nitride layer 1 3 is etched. 
For example, when the depth of the trench T formed in the silicon substrate 1 1 is 

between about 4000A-6000A and etching time is between about 60-120 seconds, the 
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thickness of the photoresist pattern to be etched during the time of etching silicon 
substrate 11 is about 1000A/min-3000A/min. 

[0020] Referring to Fig. 2c, the nitride layer 13 is over-etched a little at the etch 
stop point in which the photoresist pattern 14 is completely removed. 

[0021] Subsequently, as shown in Fig. 2d, a thermal oxide layer 16 is formed on 
inner walls of the trench T by a thermal oxidation process. The thermal oxide layer 
16 is provided to make it easier for an oxide layer 15, which is to be gap-filled in the 
trench T in the following step and the silicon substrate 1 1 , to be adhered thereto. 

[0022] Subsequently, as shown in Fig. 2e, the oxide layer 1 5 for trench gap filling 
is deposited on entire surface of the substrate 1 1 by chemical vapor deposition to fill 
the trench T substantially completely. 

[0023] Finally, as shown in Fig. 2f, the gap filling oxide layer 15 is polished by 
chemical mechanical polishing ("CMP") using the nitride layer 13 as a buffer layer 
after filling up the trench with the gap filling oxide layer 15. Alternatively or 
additionally, the gap filling oxide layer 1 5 can be planarized using an etch-back 
process. Then, the gap filling oxide layer 15 on the nitride layer 13 is completely 
removed by CMP and the only gap filling oxide layer 1 5a that remains is in the trench 
T. 

[0024] Because the depth of the trench is controlled precisely by trench etching 
using the nitride iayer as an etch stop layer, voids are not generated even though the 
planarization process is performed after the trench T is substantially filled with the 
gap filling oxide layer 15. 

[0025] After polishing, HF processes, ion implanting processes, etc are performed. 
Then, the pad oxide layer, which is a buffer oxide layer, is HF processed to expose the 
silicon substrate 1 1 . 

[0026] As shown in the above, according to the disclosed example fabrication 
method, uniform trench depth can be obtained by using the nitride layer as an etch 
stop point during trench etching, thereby stabilizing fabrication process. 
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Additionally, the amount of photoresist can be reduced by controlling thickness of the 
photoresist layer to be thinner than that of the conventional process, thereby 
decreasing fabrication cost. 

[0027] In addition, a separate step of removing photoresist pattern can be omitted, 
thereby improving work efficiency. 

[0028] Although certain example methods are disclosed herein, the scope of 
coverage of this patent is not limited thereto. On the contrary, this patent covers 
every apparatus, method and article of manufacture fairly falling within the scope of 
the appended claims either literally or under the doctrine of equivalents. 
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